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(54) Olefin and oxygen recovery in hydrogen peroxide epoxidation 



(57) An olefin/oxygen purge gas from the catalytic 
reaction of the olefin with hydrogen peroxide is contact- 
ed with an absorbent liquid such as isopropanol and wa- 



ter to absorb olefin while an inert gas such as methane 
is added to avoid formation of flammable oxygen-con- 
taining gas compositions. 
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Description 

The present invention relates to the recovery of ox- 
ygen which is formed by hydrogen peroxide decompo- 
sition during the epoxidation of an olefin such as propyl- 5 
ene with hydrogen peroxide as well as recovery of as- 
sociated olefin. 

Description of the Prior Art 

Methods are known for the molecular oxygen oxi- 
dation of a secondary alcohol to form hydrogen perox- 
ide. See, for example, U.S. Patents 
2,871 , 101 -2,871 ,104. See also copending application 
Serial No. 08/268,891 filed June 30, 1994. 

Methods are also known for the catalytic epoxida- 
tion of olefins such as propylene with hydrogen peroxide 
to produce an alkylene oxide such as propylene oxide. 
See, for example, U.S. Patent 4,833,260 and 5,262,550 
as well as copending application Serial No. 08/310,546 
filed September 22, 1994, the disclosure of which is in- 
corporated herein. 

As described in copending application 08/310,546, 
there is some hydrogen peroxide decomposition which 
takes place during the epoxidation with the formation of 
oxygen and this formed oxygen can be purged from the 
epoxidation reaction zone with, for example, propylene 
vapor in order to avoid the formation of hazardous mix- 
tures. 

In order to avoid a substantial economic penalty, it 
is important that the purge gas mixture from the epoxi- 
dation zone be safely and effectively treated for the re- 
covery of the various components. 

Brief Description of the Invention 

In accordance with the present invention, the olefin/ 
oxygen vapor purge stream from the epoxidation is con- 
tacted with a liquid absorbent stream, preferably a 
stream comprised of the secondary alcohol from which 
the hydrogen peroxide is formed, to absorb olefin there- 
in and enable separation of gaseous oxygen from the 
liquid olefin-containing absorbent. In addition, an inert 
gas diluent such as methane is added to replace ab- 
sorbed olefin in order to avoid the formation of oxygen- 
containing gas mixtures which are in the flammable 
range. In most preferred practice, the liquid olefin-con- 
taining absorbent stream is passed to the epoxidation 
zone and the oxygen-containing gas stream is passed 
to the secondary alcohol oxidation zone. 

Description of the Drawing 

The attached drawing illustrates in schematic form 
an embodiment of the invention. 
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Description of Preferred Embodiments 

An especially preferred embodiment of the inven- 
tion is illustrated in the accompanying drawing and in- 
volves the production of propylene oxide by catalytic re- 
action of propylene with hydrogen peroxide, the hydro- 
gen peroxide being formed by oxidation of isopropanol. 

Referring to the accompanying drawing, isopropa- 
nol and molecular oxygen are reacted in zone A to form 
hydrogen peroxide. The isopropanol is fed via line 23 
(net feed) and recycle line 22 and passed to zone A via 
line 1. Oxygen is fed via line 2 and a recycle methane 
and oxygen stream is fed via line 3. Isopropanol oxida- 
tion is carried out in accordance with known procedures 
such as are described in U.S. Patents 
2,871,101-2,871,104. The process set forth in copend- 
ing 08/268,891 , filed June 30, 1 994 is especially advan- 
tageous. 

The hydrogen peroxide containing reaction mix- 
tures passes to separation zone B via line 20 wherein 
acetone produced in zone A is distilled overhead via line 
4. The hydrogen peroxide stream passes to epoxidation 
zone C via line 5 for reaction to form propylene oxide. 
Propylene is introduced via line 6 and a recycle stream 
comprised of diluent isopropanol as well as and propyl- 
ene is transferred to zone C via line 7. 

In zone C, propylene and hydrogen peroxide are 
catalytically reacted to form propylene oxide in accord- 
ance with known reaction procedures. Suitable cata- 
lysts and reaction conditions are shown, for example, in 
U.S. Patents 4,833 : 260 and 5,262,550 the disclosures 
of which are hereby incorporated by reference. An es- 
pecially preferred epoxidation made is that described in 
copending application Serial No. 08/310,546 filed Sep- 
tember 22, 1994. 

A purge stream comprised of oxygen from hydrogen 
peroxide decomposition and propylene is removed from 
zone C via line 8 and passes to absorption zone 9. Pro- 
pylene oxide-containing liquid epoxidation reaction mix- 
ture passes from zone C via line 10 to distillation zone 
11 where unreacted propylene is separated overhead 
via line 12. This propylene stream is conveniently recy- 
cled to zone C (not shown). The bottoms stream passes 
via line 1 3 to distillation zone 1 4 and a product propylene 
oxide stream is recovered overhead via line 15. A bot- 
toms isopropanol stream containing water formed in the 
epoxidation is divided with a portion passing via line 19 
to distillation zone D for removal of water and heavies 
via line 21 . Isopropanol passes from zone D via line 22 
back to oxidation zone A. The remaining portion of the 
isopropanol stream from zone 14 passes via line 16 to 
absorption zone 9 wherein it is contacted with the purge 
propylene/oxygen vapor stream which passes to zone 
9 from epoxidation zone C via line 8. In absorption zone 
9, the liquid isopropanol and water mixture effectively 
absorbs propylene from the propylene/oxygen mixture, 
and the resulting liquid stream containing absorbed pro- 
pylene is passed via line 7 to epoxidation zone C where- 
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in the propylene is subjected to further epoxidation while 
the isopropanol provides desirable dilution of the hydro- 
gen peroxide from zone 1 and thus enhances propylene 
oxide selectivity. 

An important feature of the invention is the provision 
of inert gas diluent, preferably methane ; which is intro- 
duced into zone 9 via line 1 7 in amount sufficient to avoid 
the formation of flammable oxygen vapor mixtures. 

Generally, at least mols of inert per mol of oxygen 

is introduced into zone 9 via line 17. 

The vapor stream illustratively comprised of meth- 
ane and oxygen passes via line 3 to oxidation zone A 
for further hydrogen peroxide formation. 

A vapor purge stream is removed from zone A via 
line 18 to prevent inert build-up. 

It will be apparent that practice of the invention pro- 
vides an efficient and effective way of safely separating 
oxygen which is formed by hydrogen peroxide decom- 
position without costly and elaborate fractionations us- 
ing available process streams and effectively recycling 
both oxygen and propylene components of the epoxi- 
dizer purge stream. 

The following example illustrates the invention. 

Referring again to the accompanying drawing, 
about 1 1 1 mols/hr of an isopropanol stream is fed to ox- 
idation zone A via line 1 . This stream comprises about 
68.5 mol% isopropanol, 30.6% mol% water and 0.9 
mol% acetone. About 14 mols/hr of oxygen is fed to 
zone A via line 2 and about 3.3 mols/hr of a recycle ox- 
ygen/methane stream is fed to zone A via line 3. This 
stream is comprised of about 91 .0 mol% methane and 
about 9.0 mol% oxygen. 

In zone A, isopropanol is oxidized in the liquid phase 
at 150°C and 140 psig to hydrogen peroxide. A purge 
vapor stream is removed from zone A via line 1 8 at the 
rate of about 3.6 mols/hr, this stream being comprised 
of about 83.3 mol% methane and 16.7 mol% oxygen. 

A liquid reaction mixture stream is removed from 
zone A and passes via line 20 to separation zone B 
wherein by distillation an overhead acetone stream is 
separated via line 4 at the rate of about 69 mol/hr. This 
stream comprises about 21 .7 mol% acetone, 55. 1 mol% 
isopropanol and 26.1 mol% water and can be further 
treated (not shown) for separation of the various com- 
ponents. 

A bottoms hydrogen peroxide stream passes via 
line 5 to zone C at the rate of about 54 mols/hr. This 
stream comprises about 35.2 mol% water, about 22.2 
mol% hydrogen peroxide, and about 42.6 mol% isopro- 
panol. About 40 mols/hr of propylene are fed to zone C 
via line 6 and a recycle stream is passed via line 7 from 
absorption zone 9 to zone C at the rate of about 159 
mols/hr. this recycle stream comprises about 5.7 mol% 
propylene, about 1.3 mol% acetone, about 57.2 mol% 
water, about 34.5 mol% isopropanol, about 1.3 mol% 
heavies and a trace of propylene oxide. 

In zone C : propylene is reacted with hydrogen per- 
oxide in the presence of a silicalite catalyst to produce 
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propylene oxide. Reaction conditions are a temperature 
of 60°C and a pressure of 205 psig. 

Liquid reaction mixture passes from zone C via line 
1 0 to separation zone 1 1 . Un reacted propylene is recov- 
5 ered overhead at the rate of 37 mol/hr. and can be re- 
cycled to zone C (not shown). 

Bottoms from zone 11 is passed via line 1 3 to dis- 
tillation zone 14 at the rate of 225 mol/hr. This stream 
comprises about 4.4 mol% propylene oxide, about 1 .3 
mol% acetone, about 54.2 mol% water, about 38.7 
mol% isopropanol and about 1 .3 mol% heavies. 

From distillation zone 1 4 : a product propylene oxide 
stream comprised of about 10 mols/hr propylene oxide 
is recovered overhead via line 15. A portion : about 160 
mol/hr, of the bottoms stream from zone 14 passes via 
line 16 to absorption zone 9 while about 5.5 mols/hr 
passes via line 19 to separation zone D where water 
and heavies are separated via line 21 from a recycle 
isopropanol stream which passes via lines 22 and 1 to 
zone A; net isopropanol is combined via line 23 with this 
recycle stream. 

The composition of the bottoms stream from zone 
14 is about 1.8 ml% acetone, about 56.4 mol% water, 
about 40. 1 mol% isopropanol and about 1 .8 mol% heav- 
ies. 

A vapor purge stream passes via line 8 from epox- 
idation zone C to absorption zone 9 at the rate of 9.4 
mols/hr in order to purge oxygen which is formed in zone 
C by hydrogen peroxide decomposition. The vapor 
purge stream comprises about 3.2 mol% oxygen, about 
95.7 mol% propylene and about 1 . 1 mol% propylene ox- 
ide. 

The liquid bottoms stream from zone 14, cooled to 
about 40°C, is introduced into the upper section of zone 
9 and flows downwardly while the purge vapor from 
zone C is introduced into the lower section of zone 9. 
The countercurrent vapor liquid contact in zone 9 effec- 
tively absorbs propylene and propylene oxide from the 
purge vapor into the liquid bottoms which is recycled via 
line 7 to zone C at the rate of about 1 59 mol/hr as above 
described. 

In order to avoid the formation of a flammable oxy- 
gen mixture, methane is introduced into zone 9 via line 
1 7 at the rate of 3 mols/hr and the vapor mixture of meth- 
ane and oxygen passes via line 3 to oxidation zone A 
as previously described. 

Through practice of the invention, the recovery of 
propylene is conveniently accomplished without the 
need for expensive distillation recovery procedures 
while the hazards of formation of flammable oxygen mix- 
tures is avoided. 

In the process description given above, propylene 
is absorbed from the oxygen/propylene purge stream in 
an isopropanol and water process stream and this is the 
preferred practice. Less advantageously, other absorb- 
ing liquid streams can be used such as heptane, octane, 
methanol and acetone. 
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Claims 

1. A process for the epoxidation of an olefin with hy- 
drogen peroxide wherein a gas mixture of the olefin 
and oxygen from hydrogen peroxide decomposition 5 
is separated from the liquid epoxidation reaction 
mixture, characterised in that the olefin is absorbed 
from the gas mixture in a liquid absorbent and an 
inert gas is added to the oxygen in amount sufficient 

to prevent formation of flammable gas composi- 10 
tions. 

2. A process as claimed in claim 1 characterised in 
that the olefin is propylene. 

15 

3. A process as claimed in claim 1 or claim 2 charac- 
terised in that the inert gas is methane. 

4. A process as claimed in any one preceding claim 
characterised in that the liquid absorbent comprises 20 
isopropanol and water. 
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